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[ft** 1 ] 

m mommzmmwmms. izm c tzMitz^fc l xmitmrn *m*&t**7-v7t, 
7-v7°t*i$tsc\t *mwLt-+&mAm mmmt^mo 

[»**2] 

at** i im<vmitmmm&£.Ji& iz & ^ x , mie b > * £ tfcai-f & * r- ? x 
mmikmmttmi&mmt<DmizAttzitzit<Dfo&zMumi tm2<Dmm 

ikm m <nmt<r>l5 [p] tfmr 4 t # -7 9 X > &m £ & - ftft ^ Iff B» it»2o M1£ 

m u Bute h >^^*aE*«riasEW^jS[«:"ettffl«[«itt»[i--5 i t *&m.t-rzmitmm 

[it** 5 1 
.[«*fl6] 

[it Mm 7 ] 

HuIE^:A*f¥^{±, iulEH 1 fc*2 0»«tt^JR»«5«B'fk0^riRl3& s 5:v»U5pff * ^ X 

#«t-r*«fk«*ia«ff^««o 

[ft** 8 ] 

If** 7 gE«0«Srfkfll*IE»l?^*«^i3v»T, 
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[tmm 9 ] 

m^m 6 mmnmim mmn^.mm k a v> x , 

[If l 0 ] 
[fjf^l 1] 

1 2 1 

umm 1 3 ] 

[f]f*« 14] 
[»*3ll 5] 

IS*^6 ~ 1 4 ov>1**l*> 1 ^lEmoM-fb'If^lEilS^g^isv^T, iutE#g^£t^ 
1" * »ffc« ^fEilS^^go 



mtE# 2004-3008758 



&m 2003-338530 ^- v : 1/ 



[0 0 0 1 ] 
[0 0 0 2 ] 

fe$:<D^- VT4 X? Vy 4 7*mW (HDD) fc:fc»tS*8ffc«#tf>#£&*Kfi, ^ 
)i;frb§£±ir&m.^$:m^?zm%^y FK«£&##&<^£^7Hv>£>ftTV^ 0 HDDO 
ISil^li $ h ta h M&mittfSLib htiXis*), flSMfbfc X Z> K * 4 y<DWffl1tlz 

ttt&tztb, X «3:fc#£*£&*iB»*S£&^#*SB»'vy Vtf&mtZti&o lot, 

fft«*^ntt^ 0 i^^nrn^^'j (mr am) nft^Sft*^ 

ff4v>ig'f|:<0#§a**fi 1 55rd¥fe-C**3ft t , 1 0 7 A/cm 2 fc 

[0 0 0 3] 

t± , &m&&&mm /m&nitmm /sn8tt#&« « <o=m runs was £ is 

i> <DX%>Z>o 
[0 0 0 4 ] 

[0 0 0 5] 

— ft£^t<^1f #£ff ^ft-f^^ti, GMR (Giant Magneto-resistan 

ce) m^zm^tzm^tm^htix^Zo l^u ss^jR^fcuisiE^teo^/Mt^^ 
ct^i^M-c, ieii^# to seats- j: t?/h$ < -cs*3S^-*«*ie>fe*L"cv^ 0 

t^:H s IM^o X r>^!SK# ? »3#£*L&TMR (Tunneling Magneto-resi 

stance) «*«rfflv^3(E^-^ % F^^^^fflv^Cttl^lM^i^CJ: 
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[0 0 0 6] 

[0 0 0 7] 
[0 0 0 8] 

[#tt:£i& 1 ] # H 2001-196661 

[#^m 2 ] ffflf 1 1 - 7 3 9 0 6 

[#lt^C^3 ] #P*1¥5 - 2 5 0 7 3 5 

[#fTOjK 4] #H 2 0 0 0 - 2 1 5627 ^« 

[#Nf fttftU ] Mattsonet et al, Phys. Rev. Lett. 71, 185 (1993) 

l#!&WfXffit2] Chun-Yoel Youi et al., J. Appl. Phys., 87, 5215 (2000) 

[ft^tf 3] N.Kroo et al, Europhys. Lett. , 15, 289(1991) 

[0 0 0 9] 

^S^rlSfic Uv^o ^<7)^&{± N IfWSTS (scanning tunnel ing spectroscopy) 

LT, ^<HlGHz ( 1 0 9 0/ s) gJKtf«3?»!$*L-cv>£o S T SJ£#t<D «fc •? & 
X.HT 1 GH z Ol&f^iiJgiZ^v^T. 2 0 d BOS/NJfc£j#fc-££7ti£>Kfi\ M Amgt<D 

wm^m^/mk-t & *immm < & o r < & 0 

[0 0 10] 

^JRas«-«r«E#*lii^?> It Lfc^SST, JifciB'ffcfllSI 

* G H z U^^Ottf^ajK-C|ft*JR* i a*fcfc«ffc*feffi#ifc*lltt-*-* 

[001 1 ] 

i ttfaS&X&Zx, 
[0 0 12] 
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<d -f 7 X * y it q| / ^ ^ q| £ $p z, z. t & or t g -c * & o ^ si it - # e mi m k 7° 9 x 

f >^m^3fiT*ij^A-r&£*^ g h z u^KDi^ir^tM^ 
tcitx& h >*)vmmz&z>z\ ttfxzzo ztz, &mmmiimtzw)i&ztitz-7°7x*: y 
frh<D^±<D$m^mftwmco$ijt*m7zirz> it-c, ll*o^[:cD¥ ; ^T/OT ; ^T£• 
[0 0 13] 

#jsi n _h n ^ $ tt tz mm$.±m m r mm&±m m <o _t k m $ ti ^ m 2 o 

<7> n k mm £ i» l , jW ft l t v * * 31 o 3 lit k en ftnm j± £ Jfc C SS^f t * Tfc 

$LLxm.itmm*m*& l tsX7-v7t^ ^mm\t^mmt<Dmz±^x%^^^, x^x 

tiuLfc h >^;n-a Km^^x%mm^zm£&ttitzmmn*m&&ir y x 

[0 0 14] 

±mm\tm%i^mmt<Dmzxmz^z>%<o : fom$, mmm 1 * * 2 oaiigte^jRs 

[0015] 
[0 0 16] 

£^$n^#^14ifeJSgSa f «14^JlgO±£ff^$^7t^2 0^att#m^^^tf 

an* *> m k mm £ en ua-r *jee t . ±mm\ t m mmm&<D m k it * a #t s * 

[0 0 17] 
[0 0 18] 

^2v>t-^T^t § x9X^>itpji££Bi-rr£e£ffi i tm2<Dm&^mmomit<vj] 
fatfK^izKw-ftftt # y^x^^^Bi^^^-rv^gto^tc— jigffljKSfe-casw-r* 

[0 0 19] 
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[0 0 2 0] 

[Hifefll 1 1 
[0 0 2 1 ] 

mmtkmmtt, m%mmM& sot z. tnznm txtm h titz±mm\ 5 rvam± i 

2 0 ^±^^fS^^^i:1-^o 
[ 0 0 2 2 ] 

m.%%mmws o (±. ^« i o o ±.\zm$$nm Lxmm.^fitz^m&.^.mm i > m&vt 

14 1 ©§114 OM^tft LX, 1 nm^-^-0@i6rifiv^ifg^t^#^Jl$t5^@Sm 

$*i&o #m^i+5(±. /n- ktv 7.?$tmz&^h (Dt mm*)* y 4 rmm 6 ct or 
7^M^it^«uuv\ ttz, &mmwm(Dmiz&Tbzft-<z><mwmw 

[0 0 2 3] 

#jtjgi4 i zmj&i-ztemfeitmm 1 &<^3 1 ltij, ^jxffF e , Co, ni, 

m&fti&fclkmXliC oFe, NiFe, C o N i & ^^Iffif^o 
i2tLT(i, IJIiffAu, Ag, Cu, Pt, Pdf^l^llt^o ffJl4i± 

^O-eii, ^Mfe^Jgif 1 , 3 t LXF e , 0ft&14#JR« 2 t UA u , ftii4 UA 

u fcJBv^fco 
[0 0 2 4] 

#ii4 l^(D7xJV5?HififC0lWil4 1 tptzmC&frhtlXiSt)^ ^<Dm 

C&tf> btifzW.mi<zfoZxm 1 £«5*;MK;jrr J: 9 &«*ofiT#P#;li7~ 1 0 

■*-*«, 

[0 0 2 5] 

n i asffistt^ss i Rzr 3 oaiko^ft^jtv^en-c^-r «t 9 k¥ 

f[:t¥1f ^Iv^P^tl^X if >^jfot^(DtIli«f 7 « J: ^ \z^mmA 1 
[0 0 2 6] 

M i - 2 $>{zffl c&&hti, **v»t±, #BB^p-t i o-e^-r «fc 9 12 ~ 3 

[0 0 2 7] 

-f2>tzvx~%<. #114 (§ii4oii) <w«fc*usfciK#-f #®§i 

4 103*M-C**«BI]R4O*iiiK^JR»«-5«ri£fttt*fc, 4 t &mWM 5 tf> >f 

[0 0 2 8] 

T^4. -f 1 7X!± 1 8 fcjIWfi&K* > fc LT, #ii4 1 i&JK&fl- 
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h(7)f|i:lEEoXli-Eo £ £Pftn-f £ £ > ^HII 4 <DmM\z £> If & m Z&tbtfr > v \ 

mj-^^^iiJf-miiLtfmt-f&o ztDrnj-^R-mu^^^^^-^^t-t^zt^zx n 
x.ti\ 3£?5bis:&jk« 1 rv?3 /mmi&mm 2 oa*^i5-*^c o/Pd, co/pt, 

[0 0 2 9 ] 

#114 1 n#£&i^£igHI:'lit$Rf±. xj 7f 1 6**>tz u #J11I4 1 t^if£ 

ittOF^^IIlIE (|E|«|Eo I) £ep£nU #Jl*£$t5 <h#^M4 1 £: ^FtSHc^ 
1 5 ^fflv>TfI^{±l-r^«!:^^^^o -*U±, S&fgm^mi 1 ^ 3&Sttt^ 

[0 0 3 0] 

mmms i:fti4 tomizy^x^ y*mfc-t%>^ t^i^x^^o 

[0 0 3 1 ] 

mm^mm 1x^3 o^l^to^rto^k^ lt 0 . 1 e v_hT«jb-r 

^ti^m^Pmii.^^^^^-^- 0. 1-0. 1 e Vf - <h T\ - 
{±2. 6^f>3. 4 e Vco J: 9 < ^Htl - * - t /^;b^& 0 

[0 0 3 2] 

i!3fi, Alt^il 2 0Oi^;i/^-^y7X^>4tP|jc^^^-^n|^^L7tB#O h 
^^mv^o^ #«i££t5 i§i!4 hop^o^ y^mEEE cop^SSct LTtfL 
7t^O-e^^o AMjfcl 2 0 ZjryfZ Z. t hz J; Y) „ ^c^LOB#lcit^T h > ;^;^mv;SL£■ 
i^nlfg-e* 0 , Altaic: 1 2 0 CI tX\ n A h >^ 

[0 0 3 3] 

HI 4 ^Utt^S 1 t SitfMfe^SJi 3 <Dmittffc 3 Fft ©B|^7 7X^ >4tR|ji^^ 
^r-KAMTfc 1 2 0 O^^-^TEL^it-^?). h >*/Mtifc 1 5 O^ffcfc, 
iOHfttLT^Lfc4©-e*4o H2 H^L*:«fc 9 SSHSS14^JRS 1 i: SUfiStt^JSS 

15^^ &mvk&mm 1 xo f 3 oaib^f ff^iw^i:^ l t^tt 

&o H4-Ct±, MitrfK¥ft<7)m&bz-79X* >**3&»je§* J: 9 A#7t 1 2 0«x^ 

mi <Dm^i,z7°7 x^vitm^fe^ & z o kx^% i 2 0 ox^i^-^^ut «t ^ 

[0 0 3 4 ] 

0 5t:ftJ:?C, AI^Ttl 2 O^^K + tcii^l 9 * A*i& i t »:i «9 , AltTc 1 
2 0O'(i7C77l6]^$iJ^i-^>- <h75 ? -BIfgT^^ 0 h >^;w«jSoJi^tiA*fifcl 2 0 <n^Jt 

ttliE# 2004-3008758 
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G H z lx^;i/Of^tB LiM1^ ? 2 0 d BfSJ^O S/NJtT-nTt|-Cab* 0 & 
&JRft*|-5 3ctt£#JVft4 1 WK4i:4y?Xt fcOlfejfcaftJK 1 2 1 Sr^fclftffiS 

1 2 2 "Ctftffi Ltt h > * ^mit^tB t PI«OS&*3&«W <b HZ o 

[0 0 3 5] 

0 6l±, A*h)fcl 2 0©M^©||t Ltx #^^it5 £fES«U t<DfgUzffiti& 
[0 0 3 6] 

/Efcenira-r .t-eit^Tic^^fp]^ 9 om%zitz-*tz>z torn ^-c% 3oi 

1113 2 j&»<b coffin ^'f7tiM-t^ 1 3 0 izflltia-tZ Z b ItZX <0 , ASt^^iBMSI 

^fiL^^f), h ^^^mvii 3 4 1 3 6 ^o^r/7>7'i 3 5 
t±> ¥ifo^^-<7)^bs^j:t^T^# < ££7^ mmmmkxt) 1 3 3 £3c^m$n 3 

2 frh XU Ltzu y ? j y y y 7 1 3 5CJ: OSEPfflifcSfcfc:fe»t* h 1 3 4 O 
^ta^^tB-t-^-tHJ: i9> J: <9 S N Jl. < fSMtft^ft £*£tB1-£ £ t tfmtX& &o 

[0 0 3 7] 

mtf&& & a a p , ISM-ftT&^TO^icy^X^ >itR|^£H£ A p t L 

ti/^ 0 i;tl9i:^tJ:?(:, aAISiili 4 l ^fflv^t, $f^ii/-f l 4 

0 frh<Djt 1 2 0 <7)$cfi£^p L^^^,. r >^m^<^PJII$tt$:/&5t 1 3 6&By? 

■< yyy-fi 3 5 ^ai-r^o AS+jfci 2 o^>m^ a a p t a p t<Dmx^mi-& 

o ^p-f£#c;S$EBt± A a p tXp t<DmiZiS^^X, 1 n m^J^or < fo-ffr(DWi.W:Xi> 

ioti, ins frhwhfrtt <£ 9 ^b^WFtf^^-o h y * ^WM<v-mmjj 
mm<7)mmif&iz&&irz>z\ttz£ m^sNstxmmitJiftZfcdiir&zt&BinZ 

X&Z>o 

mmm 2 ] 

[0 0 3 8] 

hi ot±. *^wtz±&mimmzmm^mwom<Dm*7Fi-mitmx&z> 0 mi 0 1 

H 1 t ZmtirZ, tftfrZ X 9 K> ^^M^O^I51l^#5 0(±> Ml OOlCfl 
S*tfc5fl«S£13:&JRe 1. ^Mtfc£rM2, ^Htt#m©3, §ii4 J: 19 &&#HB!i4 1 
<£>1feK, ^« l 0 0 t&Mi±±mm 1 t<7)Fli:Mtti 5 1 ifltmz tiX^&*tim%: 

%> o 

[0 0 3 9] 

z\<Dmmm2\z&^xi>, i^-^m^^mimmm lom&tmmx&io, mi o 

mm$.&mm2*\zm%mc&&hnz>o m&^mmi, 3<7>mittmcjjfa<Dm 
f.tt^o mi o^^^-^fR^^^i-j: 9 ?^i4^ni tmm^mm 3 ^ 

1-<fc 9 II - 2 tpizffl C&tbhti, ^^v^i. #bs#-^ 1 Ot^tJ:^ fc, Di2 - 3 
[0 0 4 0] 

nmw2 iz&^xit, R%m&m5 itm&ztix^&nx, mtim&mm 1 omity? 
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mmm 3 ] 

[0 0 4 1 ] 

mi it*, *mMiz£&mtmmmft^wom<Dmzmirmikm'c&z>o zwmm 

^-J£#t^J:*K Ky Ymz;*? fZfLXis „ tttKO^-y fcfv- 5 3 , 5 4 
[0 0 4 2 ] 

mi3ti. -fj \c?-$:^^&mM<vi&(Dmi&m*mirm^&z>o mi 3 (a) a, & 
114, 3 , ^t^M 2 , ?^M4n 1 RTiKmrnm 5 1 iyistbtz^mmm 
b'y Ltzi-y \£7-<nmx$>z> 0 mi 3 (b) Kmmms 

1 i^Mt L> ^co±lCfML7t?^Mte)i 1 , 2 , 3 > §114 <D 

^ft*^? -~y VLX-T J \zy- t Ltzi><DX&Z> 0 m 1 3 (c) li. 1 

s^a&fflstts 1 £*;§t u ±.[zm$ll tzmm^mm 2 , sMtttJi 3 , ^§14 o 

Uft*^? -=-y?LX1- ; \£y-t Ltzi><DX&Z> 0 mi 3 (d) (±, #H§l£ft/&1- 
£1£ff 111 4 R^Iffli 3 <7>g[^£ tf 7 - t L S SMIiM 3 * K v M* 
/■? ^ - - > ^ L fc&K«KR 4Mt4ii:i:ioT, fftKK 4 j&*3£fl&ttS 3 o±ffi 
rtftt^fc < ffllfflSfe HoT v>4jftT?BI 1 1 ?)1f|ji£:M&£o 
[0 0 4 3] 

mi 1*4^1101 3 tmi 0 fc£*tJtLT#tf*3 X o HJi$j3(i, O 

mmmzt%z>mm&vy hkk^*-->^s*l-c*3ik umMmifZ^mt^i- y m 

9- 5 3, 5 4 7&^J&£ftTV>&*jCi3WT|Ofe#J2 <h^£& 0 iit, ■J-ykf^-tti 
[0 0 4 4 ] 

#P#ci*Mt4^ 1111513-Cli, itL<b**^y fc?9- 5 3 , 5 4 * KPB C&#> £> *l 

#izm c&ftt>ti2><Dx^ mm Ltzmmmm<D^m^^^ < < & «j , ^#oiEtt#i4t± 

[0 0 4 5] 
[0 0 4 6] 

mi4t± > ^ytr^-j^M (xi , X2 ) ^^$tirv^t^, h>^>^m»iL^JS 

H^9X*>*iftJi^:*»je§S id t:^Ltv^/c*, f5£»fb^R I RT<7>B# ( X2 ) 
^W7)B# (xi) iH^Uv^o xi tx 2 £*>K t±, ^Xt^* 

*R»7& ? /h $ < ^ & 7t «6 , h > * n/*aE*»/h $<^^>o - O h > * ^*a[Oft«|K#tt £ /fi 

[0 0 4 7] 

i/c h >*^*st fftfe^ < > -fyX^y&mizxzftitbm 1 4 tl^i^tiflF 
i$£^i-£46, mtt*; t *> ^"^•eab^o mi stc^i-i^^. is 

aiSE# 2004-3008758 
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Bm®-**t-mm J %i) t m%&t titzyr-^v-> i 5 o t r-?v- y 1 5 1 K5Ht, m 

7L tt&ftJcWl 4 I/ZtjUt X 1 +f" - jK V"- > H-fe ^ ^liCfefKo "PS^faKl* 

[HMtffl 4 ] 
[0 0 4 8] 

@1 6li, ^l&^trji^^tlf^fEilS^m^llfe^J^^'rm^llT^^o HI 1 6 b 
m 1 0 b ZHitLXftfrZ X 9 2 H43^-t(4, 36« 1 0 0±»w^jS$*Lfca« 

*7> ? #l&&o £*U4, ffiB1±£JSSl, #«B14&JR*2, 3H»tt^JRS3 fc L-C, #)xJ4C 
o/Pt/Co, Co/Pd/Co, Fe/Pt/FeOiiC M8&C#*:£te*#^> 

*mtii^i-£- <t K4 o^iH^-e^^o 

[0 0 4 9] 

y?\ uy7 M^*^o^##jaitnj[£ < fflv^titws y 7 -fflmz x 19 , 121 

17 (a) ~ (e) K^-f4?K, F7 hfti:^-^>^U tttt^tyf7-5 3, 
5 4**afliJW^#»liHILT^jS$*Lfcfl|jit LT^^o 12117 (a) (ifi!4, S3> 

«bm 3 , mm^mm 2 , mm±m 1 xa^sMBte* 5 1 i>^i&tz&mmwm.z^? - 

->^Lfcfytf7-©Wt*So 0 17 (b) 14, Ml 0 0±i:ffML/:EMtti 

5 i^s^u *<D±.iz%mLtz%iM&m 1, ^j»i&&m2, sftj»tt*3; riH4 
o^5f^^°^--y^LT^-y t°9-<h LfctoT*4o 12117 (c) t4, R&m&ms 

1 XtfSSHKttW 1 *$kmb U -e-£>±K^jS Lfc#«te&*W 2 , SifiStte 3 , iSHM 4 

w^7-->^Lrt; tf^-fc Lfc& <, 1117 (d) a, ^mmzmfc 
17 (e) t4, 12117 (d) bmmt<z&mm*mf&?z&mm4Rifmm&m3<DUfrz 

T y fc? 7 - t L fcWe* * SfiiStt* 3 £ K y h ttK'* * - - y >f L 4 £ 

%m-f & - 1 4 o r , fli 4 a*53ifl£14e 3 0±M rt£ tfe & < {BASIS ^lotv^fifli 

17 (d) (DmiktrnttZo 

[0 0 5 0] 

7F-T4 9 K, aUKtt^JRS 1 b&f&fe&mm 3 cD^to;fr[WSW;:¥lT&*Jr£-f4, f(D 

mtbfrmi%^x^yzn^ j m*<Dmmtz, m^M-^sx^-rxoiz, &m&&mm 
=?<r>itmit, 7 x-TF-t x *> #114 1 *o£r#KmD&#><b*L&o 121 

1 6 <r>l£¥-fr<r>Ufri<z7F-f x 9 k, 3£«#^/f 1 SitfiBte^JKB 3 oijt^^iaj^w 
fr m^o^t4^<^xif y<7)[^^tc^LT#B.s^9-e^1-4 9 I". II- 
2*H(Hi:ai6?>K, &&VM4, #hb^i 0t^tJ:9t:, M 2 ~ 3 * Km D^a6 t> *i 

[0 0 5 1 ] 

HJfctffl 4 K^L7tr^#Ki3V^-C{4, 5£fiBte&JRB 1 OTKKSil&teB 5 1 WT&tiLZtiX 

[*Jfc0j 5 ] 
[0 0 5 2] 

1211 8(4, *%wizx&mmmmw<vMj&m*7Fi-m±mx&z>o MM<7>&mmmx 
uwLfz^mm4 1, «xix, *^i o 0±u»jSLfcRaiH8teJi5 1, i 

#20i:t^o #114 1 iZttfaLXWl htiZ&m&ft 5 (4, T-A 2 3 07t«i:t 

ttlfiEtf 2004-3008758 
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VhtLtzAJJ ?6 WTSB^fl5l«5#tt'b^*o 7-A2 3 fiHHE^jftt 2 4 00 1) iz®Wi 
„ X tf > K;V^e-? 1 6 1 IC «fc 19 IHtett 1 6 0 fcffMMc HUES t, m^<r>m.%T^X 

[0 0 5 3 ] 

i-4ittcj:»), masses 1 frh Ax-mmLtzx 1 #ii4 1 fc&KSfl-fcowt::** 

* iiT, #114 1 , 16 0, RX/mm^cnttl 6 2_t«3f$ 

tlTv^^tf> K;^-* 1 6 1 (±2» "9 ^o^^fitJ^S^^tLTfc 19 , 7>\z> K 

humem 1 6 0 fc««c$*uH3-s-*sfci» 1 7ocj: >)m/±ep£p. m 

afclfctttfcfr 9 3„ 1 6 OSB53*J&><bte-ig-**iR 1 7 0 £ t *»^l±, * tf 

> K;i^-* l 6 1 tEIIEtt 1 6 0 fcf±*&WKi|fijft$;HTv»Tfc J:v\, 
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